ABSTRACT.-Nesting behavior of wild Northern Shovelers (Anus clypeata) was studied in 1974 and 1975 near Delta, Manitoba, Canada. Laying and incubation rhythms are described and adaptive aspects of the incubation rhythm discussed. Factors affecting total time spent off the nest per day, recess frequency, and recess duration are investigated with simple correlation and multiple regression analysis. The data support my prediction that in smaller individuals, environmental factors increasingly affect anatid incubation rhythms. Small size and concomitant critical dependence on food resources during incubation have apparently been important in the evolution of the Northern Shoveler' s incubation behavior. The relationship of fasting endurance to body size has probably been of fundamental importance in the evolution of avian incubation behavior.
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Avian incubation
behavior has probably evolved in relation to at least three major factors: (1) physical requirements of the embryos for development;
(2) metabolic requirements of the parent(s); and (3) predation on eggs and the parent(s). The requirements of the embryos must be met through incubation behavior that compensates for fluctuating environmental conditions, allow the parent(s) to maintain and/or acquire sufficient energy to support body metabolism, and reduce the probability of predation.
Environmental variables have little or no effect on incubation rhythms of Canada Geese (Brunta cunudensis) or Trumpeter Swans (Cygnus buccinator) (Cooper 1978 (Cooper , 1979 Although incubation actually begins before the clutch is completed (Afton I979b), "day 1 of incubation" is defined as the day of clutch completion in order to allow comparisons with previously published information. Periods spent on the nest by the hen are termed "sessions," while periods off the nest are "recesses. " "Incubation constancy" is the average percent of time spent on the nest per day (Skutch 1962).
Multiple regression analysis was used to investigate factors affecting the incubation rhythm. Data were analyzed using the backward elimination procedure (Draper and Smith 1966:167) with the MULTREC statistical program (Weisberg 1977). A regression model which included all independent variables was calculated as the first step of this procedure. Then, the least important variables, as judged by the reduction of sum of squares unexplained by regression, were individually excluded in subsequent models until all remain- 
RESULTS
Data were collected on 4 laying and 12 incubating hens. Ten incubating hens were probably involved in initial nesting attempts, while two were probably renesting; based on nest initiation dates, clutch sizes, and relative amounts of nest down.
Hens arrived at their nests to lay between 03:29 and 07:54 (X = 06:05, SE = 27 min, N = 20 days). Arrival times on subsequent days by individual hens were random, showing no consistent pattern. Hens left their nests later each day after an egg was laid so that total time spent on the nest per day increased significantly as laying progressed (Fig. 1) .
The onset of nocturnal incubation varied among five females. Three hens remained off their nests for one, two, and three nights after termination of laying, while two began Table 1 . The most common daily recess pattern was one in the morning and two in the afternoon (Table 2) . Days with two recesses in the afternoon, or one in the morning and one in the afternoon were slightly less frequent. Other patterns were rare.
The distribution of recess initiation times was multimodal (Fig. 2) . Morning recesses most frequently began about one hour before sunrise, but a secondary peak was evident from 06:OO to 07:OO. Afternoon recesses most commonly began from 15:00 to 16:00, but were nearly as frequent at dusk (20:00-21:OO). Females rarely left the nest during midday and never left late at night. The three recesses that started between 11:00 and 13:00 occurred on cool, cloudy days. Hens frequently left and returned to their nests about the same time on several consecutive days, and then changed to a different schedule.
Factors affecting total time spent off the nest per day, recess frequency, and recess duration were investigated with simple correlation and multiple regression analysis (Tables 3 and 4 Regression analysis indicated that recess frequency increased throughout days 3 to 20 of incubation and declined with increasing air temperature (Table 4 , P < 0.01, R2 = 0.119). Recess duration increased in the afternoon and with increasing air temperature (Table 4 , P < 0.001, R2 = 0.334). Air temperature was considerably more important than time of day in predicting recess duration (Table 4) . Although not included in the analysis, rain affected recess duration. Hens promptly returned to the nest when heavy rainfall began (six observations). ' Independent variable not considered in analysis.
DISCUSSION
were coded 0 and 1, respectively. * P < 0.05; ** P < 0.01. Table 3 Although hens relied heavily on stored body reserves for nourishment during incubation (Afton, unpubl. data), food resources in the territory were apparently critical for successful incubation (Afton 1979a). Northern Shovelers maintained a lower incubation constancy than many anatids in order to obtain the needed food (Table 5) recesses when light is dim would also be advantageous in reducing the likelihood that predators would discover the nest by sight.
RHYTHMS OF NORTHERN SHOVELERS
The analysis of total time spent off the nest per day (Table 4 , Model 2, see footnote) indicated that, considering the effects of air temperature, rain, and incubation stage, two late-nesting females spent more time off the nest than seven early-nesting hens. Although the two hens were unmarked, I believe they were attempting to renest. Perhaps they had depleted much of their body reserves during previous nesting attempts as Krapu (1974) showed for Pintails (Anus acuta) and thus had to rely even more on local food resources. Low (1945) found that initial-nesting Redheads (Aythya americana) were more attentive to their nests than was a renesting hen, but suggested the difference resulted only from warmer weather during the latter' s incubation period. Further studies of the behavior and energetics of renesting anatids are needed.
Data presented here support my prediction that in a series of anatids from large to small, environmental factors increasingly affect incubation rhythms. I was able to explain considerably more of the variation in components of the Northern Shoveler' s incubation rhythm with weather variables than could Cooper (1978 Cooper ( , 1979 for the larger Canada Goose and Trumpeter Swan. In further support, simple correlations of recess duration and air temperature increase in a series of progressively smaller anatids for which data are available (Table 6 ). Notably the species reviewed by von Haartman (1956) and Drent (1970), which adjust their rhythms to air temperature, were mostly passerines (i.e., small birds).
In conclusion, I believe that small body size and concomitant critical dependence on environmental food resources during incubation have been important in the evolution of the Northern Shoveler' s incubation behavior. Moreover, the relationship of fasting endurance to body size has probably been of fundamental importance in the evolution of avian incubation behavior. 
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